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[57] ABSTRACT

A process for producing L-phenylalanine, which com-
prises reacting cinnamic acid and an ammonia generator
in an aqueous medium in the presence of an enzyme or
enzymes from a microorganism belonging to the genus
Geotrichum, Moniliella, Syncephalastrum, Endomyces,
Aspergillus, Saccharomycopis, Eurotium, Glomerella,
Pellicularia or Conatobotyrum, wherein the enzyme or
enzymes are capable of producing L-phenylalanine
from cinnamic acid and an ammonia generator, and
collecting L-phenylalanine from the aqueous medium,
is disclosed along with both new and old microorgan-
isms that can be used in the practice of the invention.

16 Claims, No Drawings
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PROCESS FOR PRODUCING
L-PHENYLALANINE

DETAILED DESCRIPTION OF THE
INVENTION

1. Field of the Invention

L-phenylalanine (hereinafter abbreviated as “phenyl-
alanine”) i1s an important starting material for the syn-
thesis of aspartylphenylalanine methyl ester, which is
recently receiving special attention as a dipeptide
sweetening agent. This invention relates to a process for
producing phenylalanine. More particularly it relates to
a process for producing phenylalanine from cinnamic
acid and an ammonia generator by the aid of microbial
action. |

2. Discussion of the Background

Methods are known whereby phenylalanine is pro-
duced from cinnamic acid and an ammonia generator by
the action of enzymes produced by microorganisms.
These include a process using species belonging to the
genus Rhodotorula or Fusarium (British Pat. No.
1,489,418), a process using species belonging to the
genus Sporobolomyces (Japanese Patent Laid-Open
No. 96,388, 1978), a process using species belonging to
the genus Sporobolomyces or Rhodotorula (Japanese
Patent Laid-Open No. 26,197, 1981), and a process
using spectes belonging to the genus Rhodotorula (Jap-
anese Patent L.aid-Open No. 18,869, 1984).

However, all of these prior techniques have the dis-
advantage that cinnamic acid cannot be added to the
aqueous medium at a sufficiently high concentration
because of the instability of the enzymes produced by
the microorganisms against this acid. The result is low
concentration of phenylalanine formed in the aqueous
medium. |

The object of this invention is to provide new micro-
organisms capable of producing different types of en-
zymes which are free from the disadvantage of the
enzymes produced by the known microorganisms men-
- tioned above (instability against cinnamic acid), thus
offering a process for producing phenylalanine from
cinnamic acid and an ammonia generator at a higher
accumulation rate and higher yield.

SUMMARY OF THE INVENTION

Assiduous studies to find new microorganisms capa-
ble of producing new enzymes which are stable against
cinnamic acid led us to discover that enzymes produced
by species belonging to the genera Geotrichum, Moni-
liella, Syncephalastrum, Endomyces, Aspergillus, Sac-
charomycopsis, Eurotium, Glomerella, Pellicuralia and
‘Gonatobotryum have higher stability against cinnamic
acid compared with the enzymes produced by the con-
ventionally used microorganisms, and that phenylala-
nine can be produced from cinnamic acid and an ammo-
nia generator at an outstandingly higher vield and accu-
mulation rate if these new enzymes are employed. This
invention was accomplished based on these findings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Thus this invention relates to a process for producing
phenylalanine which comprises allowing a microorgan-
ism belonging to the genus Geotrichum, Moniliella,
Syncephalastrum, Endomyces, Aspergillus, Sac-
charomycopsis, Eurotium, Glomerella, Pellicularia or
Gonatobotryum and capable of producing phenylala-
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2

nine from cinnamic acid and an ammonia generator, to
act upon cinnamic acid and an ammonia generator in an
aqueous medium and collecting phenylalanine thus
formed from said aqueous medium.

Typical examples of the microorganisms used in this
invention nclude Geotrichum capitatum AJ-117128
(FERM P-7736, FERM BP-692), Moniliella suaveolens
var. suaveolens AJ-117129 (FERM P-7737, FERM BP-
693), Syncephalastrum racemosum IFO-4814, Endomyces
lindneri AJ-6611 (FERM P-7425, FERM BP-690), As-

pergillus chevalieri AJ-7221 (FERM P-7426, FERM
BP-691), Saccharomycopsis fibuligera IFO-0105, Euro-

tium chevalieri IFO-4090, Glomerella tucumanensis Al-
6037 (FERM P-7892, FERM BP-694), Pellicuralia fila-
mentosa. IFO 6254 and Gonatobotryum apiculatum IFO-
9098. |

The strains FERM P-7736 and FERM P-7737 were
originally deposited on July 23, 1984, the strains FERM
P-7425 and FERM P-7426 on Feb. 2, 1984, and the
strain FERM P-7892 on Oct. 12, 1984, at the Fermenta-
tion Research Institute (FRI), Agency of Industrial
Science and Technology, 1-3, Migashi 1-chome,
Yatabe-machi, Tsukuba-gun, Ibaraki-ken, 305, Japan.
These were then converted to deposits under the Buda-
pest Treaty on Jan. 8, 1985, and accorded the corre-
sponding FERM numbers.

Of the microorganisms used in this invention, Geotri-
chum capitatum AJ-117128 and Moniliella suaveolens
var. suaveolens are novel species first discovered by the
inventors of this invention.

Geotrichum capitatum has the following micological
properties:

(1) Conditions of growth in various culture media

(a) Malt extract/agar medium

Ge. capitatum grows favorably in this type of culture
medium, forming flat and wet colonies with dull, thick
villi. Each colony is hairy in its periphery. It is pure
white at the initial stage of cultivation, but turns whitish
yellow as cultivation progresses. The backside of each
colony 1s colorless or faint whitish-yellow. Grown hy-
phae are 2 to 4 um wide, have septa, become furcate,
and fragment into meristic spores which are oval in
shape and 2 to 4 X9 pm in size in most cases. No ascus,
ascospore, budding spore or chlamydospore is ob-
served.

(b) Potato/glucose/agar medium

Moderate growth of Ge. capitatum is observed in this
type of culture medium. Morphological properties of
grown cells are similar to the case with the malt extract-
/agar medium.

(2) Physiological and ecological properties

(a) Optimum growth conditions pH: 5 to 6; tempera-
ture: 24° to 27° C.

(b) Allowable range for growth pH: 3 to 9; tempera-
ture: up to 35° C.

(3) Assimilability |

Assimilability against various substances (1% each
added to the bacto-yeast-nitrogen base medium) is listed
below (4 represents assimilable substances; — repre-
sents non-assimilable substances).

D-arabinose — Ethanol +
L-arabinose — Inosttol +
D-ribose —  Sorbose —
D-xylose + Celilobiose -
D-glucose + . a-methyl-D-glucoside -
D-mannose e Dulcitol -
D-fructose + Esculin +
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-continued
D-galactose. — D-melezitose —
L-rhamnose — Salicin +
Maltose + Erythritol —
Saccharose + Glycero} +
Lactose - Melibiose 4
Trehalose +- Lactic acid —
D-sorbitol -+ Gluconic acid -+
D-mannitol + Succinic acid pu
Inulin + 2-Ketogluconic acid +
Dextrin + Raffinose (1%) —
Soluble starch -+ Raffinose (4%) +

Citric acid

(4) Fermentability
No gas evolution was observed when Ge. capitatum

was grown in a medium containing 0.45% of yeast

extract, 0.75% of peptone and 0.001% of BTB (pH: 6.0)

in the presence of each of the following substances

(2%):

L-arabinose, D-xylose, D-glucose, D-mannose, D-fruc-
tose, D-galactose, maltose, saccharose, trehalose,
D-sorbitol, D-mannitol, inositol, glycerol, soluble
starch, rhamnose, erythritol, D-ribose, raffinose (1
and 4%), melibiose, cellobiose, esculin, salicin and
D-melezitose.

(3) Nitrates assimilability: No

(6) Formation of starch analogues: No

(7) Urea degradability: No

~ (8) Diazonium Blue B reaction: Negative

"~ Based on the micological properties enumerated

- above, this strain was searched on Illustrated Genera of 3

-Imperfect Fungi, 3rd Ed. (Burgess Publishing Com-
- pany, 1972). As a result of this strain was considered to

- -fall under the category of the genus Geotrichum be-

cause of the facts that its cells form meristic conidia
consisting of individual or catenulate hyphae, and form
no ascospore.

Geotrichum is a family of microorganisms lying inter-
mediate betwenn yeast and fungi, which are treated as
- yeast or fungi depending on classification system.

We considered it valid to classify this strain as a fun-

... gus because cultivation in liquid media caused no tur-

- bidity, and made a search on the J. A. von Arx’s classifi-
cation system (Antonie Van Leeuwenhook 43, 333-340,
1970). As a result this was identified as Geotrichum
capitatum based on the facts that the daily growth rate
of colony is less than 1.5 mm and its conidia are cylin-
drical or oval less than 5 um in width.

“YEAST: Characteristics and Identification” (J. A.
Barnett, Cambridge University, 1983), which classifies
Geotrichum as yeast, lists ten species of this genus, but
none of them is identical to this strain in the sugar assim-
1lation pattern.

Moniliella sauveolens var. suaveolens AJ-117129
(FERM P-7737) has the following morphological prop-
erties.

This strain grows favorably in the malt/agar culture
meldum, forming hairy colonies which are white to
whitish yellow in color. This forms meristic and bud-
ding spores but no chlamydospore. These morphlogical
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Moniliella suaveolens var. suaveolens listed in Studies in
Micology, 19, 1979 (G. S. Dehoog’s classification sys-
tem).

Microbial action

These microorganisms may be allowed to act upon
cinnamic aicd and an ammonia generator in either of the
following two ways: growing a microorganism in a
culture medium and adding cinnamic acid and an am-
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monia generator during cultivation; or allowing the
microbial cells (live or treated cells) to act upon cin-
namic acid and an ammonia generator in an aqueous
medium.

Commonly used culture media containing carbon
sources, nitrogen sources and inorganic ions may be
employed for the cultivation of these microorganisms.
Further addition of vitamins, amino acids and other
organic nutrients in small amounts gives better results in
many cases.

Typical examples of the carbon sources include car-
bohydrates such as glucose and sucrose, organic acids
such as acetic acid, and various alcohols. As the nitro-
gen sources may be mentioned ammonia gas, ammonia
water and various ammonium salts. Typical examples of
inorganic ions include magnesium, phosphate, potas-
sium and iron ions.

Cultivation should be performed at a controlled pH
(2 to 8) and a controlled temperature (15° to 30° C.)

over a period of 1 to 30 days.

Phenylalanine can be produced by adding cinnamic
acid and an ammonia generator to the culture medium
during cultivation. Alternatively, phenylalanine may be
produced by dissolving or suspending the microbial
cells (live or treated cells) in an aqueous medium con-
taining cinnamic acid and an ammonia generator and
allowing the solution or suspension to stand (with stir-
ring when desired) while maintaining the temperature

0 at a suitable level between 10° and 70° C.

There 1s no limitation on the amount of cinnamic acid
used, but its preferable concentration is 0.01 to 1.0M
(most preferably 0.1 to 0.8M) when the reaction is car-
ried out in the batch process. With the conventionally
used microorganisms, the preferred amount of cinnamic
acid 1s 0.1 to 0.2M, because higher concentrations result
in lower yields of phenylalanine. The microorganisms
of this invention, on the contrary, have higher stability
against cinnamic acid and can be added to the culture
medium in higher concentrations, thus leading to larger
amounts of accumualted phenylalanine. When the col-
umn process using immobilized cells is employed, some-
what lower concentration of cinnamic acid is preferable
than in the batch process.

The ammonia generator, which is a second substrate,
1s preferably supplied in the form of an ammonium salt,
such as ammonium acetate, chloride and suilfate. It
should be used in an amount larger than cinnamic acid
on molar basts, preferably in large excess. These sub-
strates may also be added in portions as the reaction
proceeds.

The reaction is carried out in an aqueous medium at a
temperature of 20° to 60° C., preferably 30° to 40° C.,
and at a pH of 7 to 12, preferably 9 to 11.

As the live microbial cells, the culture liquid in which
the microorganism has been grown may be used with-
out any treatment. Alternatively, the cells separated
from the culture liquid may be employed after or with-
out washing. As the treated cells, may be used mechani-
cally mashed cells, cells treated with ultrasonic waves,
acetone-dried cells, cells treated with lysozyme or other
enzyme, cells treated with a surface-active agent, tolu-
ene or the like, or protein fraction isolated from the
microbial cells.

In some cases, addition of a small amount of at least
one member selected from cinnamic acid, phenylalanine
and D-phenylalanine to a culture medium creates mi-
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crobial cells having higher ability to produce phenylala-
nine from cinnamic acid and an ammonia generator.
Identification and determination of phenylalanine

was performed by the bioassay using Leuconostoc me-
senteroides ATCC-8042.

EXAMPLE 1
A liquid culture media containing 1.0 g/dl of poly-
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peptone, 1.0 g/dl of yeast extract 0.3 g/dl of K;HPQq4,

0.1 g/dl of KH;PO4, 0.05% of MgS04.7H>0O and 0.5
- g/dl of L-phenylalanine (pH: 6.0, 50 ml) was placed in
a 500 ml flask and sterilized at 115° C. for 15 minutes.

Syncephalastrum racemosum IFO-4814, Endomyces

lindneri AJ-6611 (FERM P-7425, FERM BP-690), As-
pergillus chevalieri AJ-7221 (FERM P-7426, FERM
BP-691), Saccharomycopsis fibuligera 1F0O-0105, Euro-
tium chevalieri IFP-4090, Pellicuralia filamentosa IFO
6254 and Gonatobotryum apiculatum IF0O-9098 (each
previously grown in a potato dextrose/agar medium at
25° C. for seven days) were each inoculated to the liquid
culture medium prepared above and cultivated at 25° C.
for seven days. The grown microbial cells, collected
-from each medium by filtration, were added to 100 ml
of an aqueous solution containing 1.0 g/dl of cinnamic
acid and 55 ml/dl of 289 ammonia water (pH con-
trolled to 10.0 with hydrochloric acid) to a concentra-
tion of 5 g/dl, and the reaction was continued at 30° C.
tor 24 hours. The amount of accumulated L-phenylala-
nine was 240 mg/dl for Syncephalastrum racemosum,
IFO 4814 800 mg/dl for Endomyces lindneri AJ6611
FERM P-7425, 110 mg/dl for Aspergillus chevalieri
AJT7221 FERM P-7426, 720 mg/dl for Saccharomycopsis
JSibuligera TFO 0105, 310 mg/dl for Eurotium chevalieri
IFO 4090, 490 mg/dl for Pellicuralia filamentosa IFO

6254, and 370 mg/dl for Gonatobotryum apiculatum IFO
0098.

EXAMPLE 2

A liquid culture medium containing 1.0 g/dl of poly-
peptone, 1.0 g/dl of yeast extract, 0.3 g/dl of K;HPQy,
0.1 g/dl of KH;PO4, 0.05 g/dl of MgS04.7H,0 and 0.5
g/dl of L-phenylalanine (pH: 6.0, 50 ml) was placed in
a 500 ml flask and sterilized at 115° C. for 15 minutes.

The strains AJ-117128 (FERM P-7736, FERM BP-
692) and AJ-117129 (FERM P-7737, FERM BP-693),
each previously grown in a malt extract/agar medium
at 25° C. for seven days, were inoculated to the liquid
medium prepared above and grown at 25° C. for 14
days, and the strain AJ-6307 (FERM P-7892, FERM
BP-694), previously grown in a malt extract/agar me-
dium at 25° C. for four days, was inoculated to the
liquid medium and grown at 25° C. for four days. The
grown microbial cells, collected from each medium by
filtration and washed with physiological saline, were
added to 100 ml of an aqueous solution containing 55
ml/dl of 28% ammonia water and a varying amount of
cinnamic acid as shown in Table 1 (pH controlled to
10.5 with hydrochloric acid) to a concentration of 20
g/dl, and the reaction was continued at 30° C. for 72
hours. The amounts of accumulated L-phenylalanine
are listed in Table 1.

TABLE 1
Cinnamic Acid Amount of phenylalanine
(g/dl) AJ-17128 AJ-117129 AJ-6307
S s A
! 0.3 0.8 - 0.9
2 1.6 1.6 1.8
4 3.2 2.5 3.6
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TABLE 1-continued

Cinnamic Acid

Amount of phenvlalanine

(g/d1) AJ-17128 AJ-117129 AJ-6307
5 3.9 30 4.1
6 4.1 3.3 4.7
EXAMPLE 3

A liquid culture medium containing 1.0 g/dl of poly-
peptone, 1.0 g/dl of yeast extract, 0.3 g/dl of K;HPO.,
0.1 g/dl of KH>POg4, 0.05 g/dl of MgSO4 7TH>0 and 0.5
g/dl of L-phenylalanine (pH: 6.0, 50 ml) was placed in
a 500 ml flask and sterilized at 115° C. for 15 minutes.

The strain IFO-4814, previously grown in a potato
dextrose/agar medium at 25° C. for seven days, was
moculated to the liquid medium prepared above and
grown at 25° C. for three days by the shake method: the
strain AJ-117128 (FERM P-7736, FERM BP-692), pre-
viously grown in a malt extract/agar medium at 25° C.
for 14 days, was inoculated to the liquid medium and
grown at 25° C. for eight days by the shake method: and
the strains AJ-6307 (FERM P-7892, FERM BP-694),
IFO 6254 and IFO-9098, each previously grown in a
malt extract/agar medium at 25° C. for five days, were
inoculated to the liquid medium and grown at 25° C. for
three days by the shake method. To each of the culture
liquid was added a solution of 5 g/dl cinnamic acid in an
aqueous solution of 5 g/dl (NH4)»SQ4 and ammonia
(pH: 7.0), and cultivation was continued for an addi-
tional 48 hours. The amounts of phenylalanine accumu-
lated in the culture liquid are listed in Table 2.

TABLE 2
Amounts of Phenylalanine Formed (mg/dl)
IFO-4814 84
AJ-117128 134
AJ-6307 156
IFO-6254 132
IFQ-9098 124
EXAMPLE 4

One gram of microbial cells of Syncephalastrum race-
mosum 1FQO-4814, grown by the method described in
Example 1, and one gram each of microbial cells of
AJ-117128 (FERM P-7736, FERM BP-693) and AlJ-
6307 (FERM P-7892, FERM BP-694) grown by the
method described in Example 2, were each suspended
in 4 ml of deionized water. After cooling on ice, 750 mg
of acrylamide and 45 mg of methylene-bisacrylamide
were dissolved in each suspension, the oxygen was
completely displaced by introducing nitrogen gas, 3.5
mg of ammonium persuifate and 8 ul of N,N’'-dime-
thylaminopropionitrile were added, and the mixture
was allowed to stand under ice cooling. After one hour,
the cell-containing gel thus formed was collected by
filtration through a 50-mesh metal gauze and washed
with physiological saline. Two grams of the immobi-
lized cells thus obtained were added to an aqueous solu-
tion containing 2.0 g/dl of cinnamic acid and 5.5 ml of
28% ammonia (pH controlled to 10.5 with hydrochloric
acid), and the reaction was continued at 30° C. for 24

hours. The amounts of phenylalanine formed are listed
in Table 3.
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TABLE 3
Amounts of Phenylalanine Formed (mg/dl)
IFO-4814 40
AJ-117128 224
AJ-6307 520
EXAMPLE 5

Microbial cells (0.5 g) of Endomyces lindneri AJ-6611
(FERM P-7425, FERM BP-690), grown and washed by
the same manner as Example 1, and microbial cells (0.5
g each) of AJ-117129 (FERM P-7737, FERM BP-693)
and AJ-6307 (FERM P-7892, FERM BP-694), grown
and washed in the same manner as Example 2, were
each put in a dialysis membrane (0.6 cm in diameter;
Visking Company), and the two ends were tightly
closed by tying with strings, forming a bag containing
the microbial cells. It was immersed in 10 ml of an
aqueous solution containing 2 g/dl of cinnamic acid and
55 ml/dl of 28% ammonia (pH controlled to 10.5 with
hydrochloric acid), and the reaction was continued at
30° C. for 24 hours for AJ-6611 and at 30° C. for 72
hours for the others. The amounts of phenylalanine
formed in the reaction solution are listed in Table 4.

TABLE 4
Amounts of Phenyialanine Formed {mg/d})
AJ-6611 750
AJ-117129 1440
AJ-6307 1820

What is claimed is:
1. A process for producing L-phenylalanine, which
comprises:
reacting cinnamic acld and an ammonia generator in
an aqueous medium in the presence of a microor-
ganism belonging to the genus Geotrichum, Moni-
liella, Syncephalastrum, Endomyces, Aspergillus,
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Saccharomycopis, Eurotium, Glomerella, Pellicu-
laria or Conatobotyrum, and

collecting L-phenylalanine from said aqueous me-

dium.

2. The process of claim 1, wherein said agqueous me-
dium is a culture medium containing said microorgan-
1Sm.

3. A process of claim 1, wherein the concentration of
cinnamic acid is from 0.01 to 1.0M.

4. The process of claim 3, wherein said concentration
1s from 0.1 to 0.8M. _

5. The process of claim 3, wherein said concentration
1s greater than 0.2M.

6. The process of claim 1, wherein the ammonia gen-
erator 1s an ammonium salt.

7. The process of claim 6, wherein said salt is ammo-
nium acetate, ammonium chloride, or ammonium sul-
fate.

8. The process of claim 1, wherein a temperature of
from 10° to 70° C. is used in said reacting step.

9. The process of claim 1, wheremn the microorganism
1s immobilized.
~ 10. The process of claim 1, comprising carrying out
the reaction at a temperature of from 20° to 60° C.

11. The process of claim 1, comprising carrying out
the reaction at a temperature of from 30° to 40° C.

12. The process of claim 1, comprising using a micro-
organism belonging to the genus Geotrichum or Moni-
liella.

13. The process of claim 1, comprising using a micro-
organism belonging to the genus Syncephalastrum or
Endomyces.

14. The process of claim 1, comprising using a micro-
organism belonging to the genus Aspergillus or Sac-
charomycopis.

15. The process of claim 1, comprising using a micro-
organism belonging to the genus Eurotium or Glome-
rella.

16. The process of claim 1, comprising using a micro-
organism belonging to the genus Pellicularia or

Conatobotyrum.
* X E L *
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